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ABSTRACT

Colorectal cancer (CRC) is the 2nd leading cause of cancer-related deaths worldwide, primarily due to
the development of metastatic disease. The liver is the most frequently affected site. The metastatic
cascade relies on a complex interaction between the immune system, tumor, and distant organs.
Communication between the tumor and the metastatic site can be mediated by tumor-derived extra-
cellular vesicles (EVs) and their cargo. The mechanisms underlying this process are starting to be
understood through research that has rapidly expanded over the past 15 years. One crucial aspect is
the remodeling of the microenvironment at the site of metastasis, which is essential for the formation of
a premetastatic niche and the subsequent establishment of metastatic deposits. In the evaluated study,
the authors use cellular experiments and a mouse model to investigate how tumour derived extra-
cellular vesicles and their microRNA contents interact with hepatic stellate cells (HSCs). They demon-
strate how this may lead to remodelling of the microenvironment and the formation of colorectal liver
metastasis using their experimental model. In this mini review, we examine the current evidence
surrounding tumour derived EVs and their effect on the tumour microenvironment to highlight
potential areas for future research in CRC and other malignancies.

KEYWORDS

Extracellular vesicles; liver
metastasis; colorectal
cancer; hepatic stellate cell;
miR-181a; tumour
microenvironment;
intercellular communication

1. Introduction . . . _— - .
microvesicles, according to their biogenesis, size, and function.

The evaluated paper by Zhao et al. investigates extracellular vesi-
cle (EV) mediated interaction between colorectal cancer (CRC) cells
and hepatic stellate cells HSCs in the context of colorectal liver
metastasis (CRLM) [1]. CRC is the 3™ most common cancer by
incidence and 2" most common cause of cancer-related death
[2]. Over 90% of deaths from CRC are due to metastasis with the
liver being the most common site of secondary disease [3]. The
mechanism of metastasis is dependent on a complex interaction
between the tumor cells and the development of a pre-metastatic
niche. This enables the tumor to establish itself and then progress
at distant sites. This process depends on host-tumor interactions
which are mediated by ‘touch’ (juxtracrine) and ‘non-touch’ (para-
crine) signals. In terms of paracrine signals, EVs are ubiquitously
secreted by all cells, allowing transfer of lipid, protein and nucleic
acid cargo, thus enabling one cell to influence another [4]. This
type of paracrine communication is important in the tumor micro-
environment (TME), enabling cancer cells to manipulate neighbor-
ing stromal cells to their own advantage [5].

EVs are bound by a lipid bilayer membrane and have been
found to be secreted by all cell types [6]. They can be classified
into three main subtypes - apoptotic bodies, exosomes and

They have an important role in intercellular communication,
and are capable of transporting and delivering different mole-
cules (Figure 1) [7]. Recently, there has been interest in tumor
derived EVs and their cargo for potential applications such as
better cancer diagnostics, prognostication, development of
novel therapeutic targets and as possible carriers for deliver-
ing targeted anti-cancer therapeutics [5].

MicroRNAs (miRNAs) are small (19-25nt) single stands of
non-coding RNA that work to regulate gene expression through
translational repression or reducing messenger RNA stability [8].
It has also been demonstrated that miRNAs can also act by
binding to Toll like receptors, in immune cells to induce an
inflammatory, prometastatic response [9]. They can also exert
their effect on a target cell through EV mediated transfer [10].

HSCs are found between hepatic sinusoidal endothelium
and hepatocytes. They have a key role in the storage of vitamin
A, regulation of sinusoidal blood flow and maintenance of
extracellular matrices [11]. In a healthy liver, HSCs reside in
a quiescent state, and are usually activated due to liver injury
through a process of transdifferentiation into a-smooth muscle
actin (a-SMA) positive myofibroblasts [11]. Sustained activation
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Article highlights

o Extracellular vesicles are key intercellular signalling molecules that are
being studied with continued interested given their promise in deli-
vering key diagnostic and prognostic biomarkers in cancer.

e Zhao et al. have performed experiments to demonstrate that extra-
cellular vesicles derived from highly metastatic colorectal cancer cells
are taken up by and activate hepatic stellate cells, which results in the
activation of key signalling pathways and more numerous liver metas-
tasis in their mouse model.

of HSCs can lead to chronic fibrosis and cirrhosis [12]. HSCs
appear to play an important role in the modulation of the pre-
metastatic niche through angiogenesis and cancer cell recruit-
ment to the liver [13].

EV RNA transfer can influence the TME and has been asso-
ciated with cancer progression in hepatocellular carcinoma [14].
Here, we evaluate the study by Zhao et al., which focuses on the
role of EVs in CRC and liver metastasis. We discuss their methods
and results, as well as other key articles within this field [1].

2. Summary of the methods and results
2.1. Methods

Human CRC cell lines were classified into weakly metastatic
(HT29 and SW480) and highly metastatic (RKO and SW620)
cells. Human LX2cells were used to model HSCs. Further
human CRC cell lines (HCT8 and LoVo) were used for cell
migration and invasion assays. The HCT8 cell line was also
injected into nude mice for in vivo experiments.

EVs were isolated from day-3 cell cultures by differential
ultracentrifugation and characterized by electron microscopy,
nanoparticle tracking analysis and western blotting, as per ISEV
requirements. Lipophilic dyes (DiO and Dil) were used to
demonstrate in vitro EV transfer between CRC cells and HSCs.

A miRNA array was used to screen for miRNAs enriched in
highly metastatic CRC EVs, and candidates were validated by
gPCR. The sphingomyelinase inhibitor, GW4869, was used to
block EV production. MiRNA labeling with Cy3 was used to

Early
endosome

N

.

Extracellular ",
Vesicles

@f/ (30-100 nm)

Microvesicles
(100-1,000 nm)

show miRNA transfer from CRC EVs to HSCs. Luciferase repor-
ter assays were used to demonstrate miR-3'UTR targeting.

In vivo experiments involved intrasplenic injection of nude
mice with CRC cells (HCT8), which were manipulated before
injection (e.g. conditioned with HSC media, or subjected to
miRNA overexpression). Development of liver metastases in
the mice was monitored by ultrasound.

The human component of this study recruited a total of
357 patients in two groups — 308 patients with CRC, and 49
patients with CRLM. Serum specimens were collected prior to
surgical resection, and matched normal mucosa, cancer tissue
and metastatic tissue were collected immediately after resec-
tion. Tissue microarrays were generated from the 308 samples,
as previously published [15].

3. Results

More EVs from the highly metastatic CRC cells (SW620 and
RKO) were taken up by LX2cells (HSCs) than the weakly meta-
static CRC cells. This resulted in greater transcription of pro-
inflammatory genes in LX2cells with an over 20-fold difference
in IL-6 mRNA expression and around a 10-fold difference in IL-
8 mRNA expression. In vivo, a larger liver metastatic burden
was demonstrated in mice injected with HCT8 CRC cells con-
ditioned with EVs from SW620 and RKO cell lines.

Microarray analysis of the miRNA profiles between EVs
from highly and weakly metastatic cell lines was performed.
Nine dysregulated miRNAs were selected based on prede-
fined criteria (miR-181-5p, miR-424-5p, miR-141-3p, miR-150-
3p, miR-301a-3p, miR-151a-3p, miR-146a-5p, miR-455-3p,
miR-31-5p). MiR-181a-5p was the only candidate shown to
be associated with poor overall survival (OS) and disease-
free survival (DFS) through Kaplan-Meier survival analysis.
MiR-181a-5p also was identified as more abundant in EVs
from highly metastatic CRC cells, and HSCs showed
increased miR-181 levels in response to EV conditioning.
GW4869 was used to inhibit EV secretion and generate EV
depleted media. LX2cells exposed to EV depleted media
from highly metastatic CRC cells contained less miR-181,
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Figure 1. A schematic overview of an extracellular vesicle (EV), demonstrating a typical lipid bilayer vesicle with some examples of associated transmembrane
proteins, receptors, and associated cargo including miRNAs. (created with BioRender).



suggesting that miR-181 is transferred by EVs. MiRNA label-
ing with Cy3 confirmed that miR-181 was present in CRC
EVs, and that EVs were able to transfer this miRNA into HSCs.
Furthermore, miR-181 transfection resulted in increased IL-6
and IL-8 expression in HSCs.

Transient knock down of the FUS RNA binding protein in
CRC cells led to decreased miR-181 in the EV compartment,
but not the cellular compartment. Pull down assays showed
that FUS binds to miR-181 in the cytoplasm and in EVs but not
the nucleus. This suggests that FUS is required for miR-181
packaging into CRC EVs.

In silico analysis suggested that miR-181 has sequence com-
plementarity to the 3'UTR of SOCS3 mRNA. Luciferase assays
were used to show that miR-181 binds the 3'UTR of SOCS3 in
LX2cells. EVs from RKO cells (miR-181 high) had a similar effect
on luciferase activity, which was reversed by miR-181 inhibition.
Using combinations of miRNA mimics or inhibitors, and transi-
ent overexpression or knockdown, the miR-181/SOCS3 axis was
found to control IL6/pSTAT3 expression. Therefore, miR-181-5p
from CRC EVs targets SOCS3 by activating the IL6/STAT3 signal-
ing pathway resulting in HSC activation.

The conditioned media of HSCs transfected with miR-181
was then used to treat HCT8 or LoVo CRC cells, resulting in
increased CRC cell invasion and migration in transwell assays.
Conditioned media from HSCs pre-exposed to highly meta-
static CRC EVs (RKO), had a similar effect. HCT8 cells treated
with HSC media were then injected into the spleen to gen-
erate liver metastases in mice. HCT8 cells treated with media
derived from HSC cells exposed to highly metastatic CRC EVs
exhibited a higher metastatic burden. This effect was reversed
when the EVs from highly metastatic CRC cells were treated
with anti-miR-181. Conversely, the metastatic burden was
replicated when EVs from less metastatic cells (HT29) were
transfected with a miR-181 mimic.

///5\ Highly-metastatic
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HSCs conditioned with highly metastatic CRC EVs
expressed more CCL20, and this was recapitulated by miR-
181 transfection. The receptor for the CCL20 ligand is CCR6,
and this was highly expressed in CRC tissue, compared to
normal colon. Conditioned media from HSCs transfected with
miR-181 was then treated with anti-CCL20 antibody. This
reduced HCT8 and LoVo invasion and migration, compared
to conditioned media from HSCs transfected with miR-181
alone. This finding was confirmed in an animal model of liver
metastasis, where mice injected with HCT8 cells treated with
conditioned media from anti-CCL20 treated HSCs exhibited
fewer liver metastases.

In both HCT8 and Lovo cells, ERK inhibition or ELK1
knockdown reduced miR-181 levels after exposure to con-
ditioned media from miR-181-transfected HSCs. Elk1 was
one of six ERK1/2-associated transcription factors which
had this effect. HSC conditioned media increased ERK activ-
ity in HCT8 and Lovo cells, which was reversed by anti-
CCL20 antibody or CCR6 knockdown. Site directed muta-
genesis of the predicted Elk1 binding site on the miR-181
promoter reduced miR-181 luciferase activity in HCT8 and
Lovo cells, suggesting that Elk1 controls miR-181 levels in
CRC cells.

In patients, gPCR of fresh CRC tissue (primary) demon-
strated significantly greater relative expression of miR-181 in
those with stage Ill/IV disease (n=30) compared to stage I/II
patients (n=30). MiR-181 levels in serum EVs were higher in
patients with CRLM compared to those without (n = 25). In situ
hybridization (ISH) staining of patient’s CRLM tissue demon-
strated greater staining for carcinoembryonic antigen (CEA)
and alpha-smooth muscle actin (a-SMA). Subanalysis of
patients with CRLM by Kaplan-Meier survival analysis and log-
rank tests showed that the group with high miR-181 had
shorter DFS of around 25% (high miR-181) compared to 50%
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Figure 2. A diagrammatic representation of the effects of miR-181a-5p from CRC EVs on HSCs and the resulting effects on further miRNA transcription and the tumor

microenvironment. (created with BioRender).
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(low miR-181) at 2years. Furthermore, this analysis also
demonstrated a difference in the 5-year OS in the high expres-
sion group (=10%) compared to the low expression group
(=65%). Univariate and multivariate analysis performed also
associated high miR-181a-5p expression with worse overall
and disease-free survival.

Overall, through their cell-based experiments and mouse
model, this study proposes that highly metastatic CRC cells
release EVs containing miR-181, which are then transferred
into HSCs. This leads to activation of IL6/STAT3 by FUS-
guided miR-181 repression of SOCS3. Activated HSCs also
secrete CCL20 which binds CCR6 on CRC cells, leading to
ERK1/2/Elk1-mediated upregulation of miR-181, which perpe-
tuates this positive feedback loop (Figure 2).

4. Discussion

The development of liver metastasis results from a complex
process, involving formation of a pre-metastatic niche. The
seed and soil hypothesis was proposed by Paget over 100
years ago, highlighting that cancer cells (seed) preferentially
disseminate to specific organs, with a particular tumor micro-
environment (soil) [16]. In this regard, CRC is known to metas-
tasize most commonly to the liver, with the central dogma
being that portal venous drainage conveys circulating meta-
static cells to the liver, where they are filtered by sinusoidal
capillaries, allowing accumulation and establishment of CRLM
[17]. Nonetheless, the soil has to be appropriate for growth
and survival. Here, the role of the pre-metastatic niche
becomes apparent. The evaluated study is focused on what
happens when metastatic CRC EVs are taken up by HSCs in the
liver, and the reciprocal interaction with arriving CRC cells.

In the past 15 years, several studies have identified the role
of miRNAs in CRC progression [18,19]. MiRNAs are particularly
interesting as biomarkers due to their relative stability, and
presence in blood, tissues and biofluids [20]. Currently, no
miRNAs are in routine clinical use for detection, prognostica-
tion, or for assessing response to treatment in CRC. More
recently, there has been an interest in EV-miRNAs (EV-miRs) as
miRNA packaging into EVs is a selective (nonrandom) process,
and EVs further prevent miRNA enzymatic degradation [21].
These EV-miRNAs may be even more clinically useful biomar-
kers, due to their release from cancer tumors and relative over-
expression in cancer derived samples [22]. Here, Zhao et al.
investigate the influence of CRC cell-derived EVs on HSCs in
the liver microenvironment demonstrating a potentially impor-
tant role for EV-miR-181a [1]. The miR-181 family is a group of
highly conserved miRNAs that are involved in a wide range of
biological processes [23]. MiR-181a an oncogenic miRNA asso-
ciated with poor prognosis in CRC [24]. It has been shown to
target WIF-1 and SRCIN1 in CRC, promoting liver metastasis and
angiogenesis respectively [25,26]. Zhao et al. demonstrate how
FUS-guided transfer of miR-181 activates HSCs and promotes
IL6/STAT3 activity by downregulating SOCS3 [1].

Immune dysregulation has an important role in the pro-
gression of cancers [27]. Generally, depletion or deactivation
of CD8+ T cells, accumulation of regulatory T cells and imbal-
ance of M1:M2 macrophages are associated with cancer pro-
gression [28]. The current study demonstrates a significantly

greater IL-6 gene expression following co-culture of HSCs with
EVs from highly metastatic CRC cells [1]. This pro-inflammatory
cytokine has also been implicated in metastatic spread in
other studies and is poorly expressed in tumors of patients
with longer disease-free survival [29].

HSCs are key in maintaining hepatic parenchymal home-
ostasis and their role in pre-metastatic niche formation is
becoming better understood [30]. As HSCs have already
been linked to hepatic fibrosis, a growing body of evidence
is consistently implicating these cells in the metastasis of
various cancers through diverse pathways [31,32]. In CRC,
HSCs promote metastasis via the SDF-1/CXCR4 axis, and by
immune dysregulation [33]. Mechanisms triggering their acti-
vation and transdifferentiation into myofibroblastic CAFs are
currently being studied with interest, as these could be poten-
tial novel therapeutic strategies in treating liver metastases
[34]. Zhao et al. demonstrated that HSC activation stimulates
CCL20 secretion which promotes CRC invasion and migration
through an interaction with CCR6. This axis also activates the
ERK1/2/Elk-1 signaling pathway which further promotes tran-
scription and release of miR-181a via EVs from CRC cells [1].
The ERK1/2/Elk-1 signaling pathway has also been implicated
in the progression of CRC, oesophagogastric and hepatocellu-
lar carcinoma [35-371.

The effect of EVs promoting liver metastasis extends
beyond CRC. Pancreatic ductal adenocarcinoma (PDAC) is an
especially interesting tumor to consider given the extremely
low rates of patients presenting with operable disease [38,39].
Many patients with borderline resectable disease on neoadju-
vant chemotherapy progress and never become eligible for
curative surgery [40,41]. EVs offer hope for early detection, and
an improved understanding of metastatic mechanisms, which
could guide a better therapeutic management in PDAC
patients [42]. Some studies have demonstrated the multifa-
ceted role that PDAC EVs have on the liver microenvironment.
Costa-Silva et al. reported two key findings regarding pre-
metastatic niche formation in the liver. Firstly, they demon-
strated an interaction between Kupffer cells and PDAC EVs
resulting in activation of HSCs, leading to extracellular matrix
(ECM) remodeling and recruitment of bone marrow-derived
macrophages, interestingly even at a PanIN (premalignant)
stage of disease [43]. They also demonstrated that blockade
of PDAC EV-derived MIF disrupted pre-metastatic niche forma-
tion and reduced the metastatic burden in their mouse model
[43]. These findings have been reinforced by further studies
demonstrating mechanisms behind which MIF propagates,
and promotes liver metastasis in PDAC, CRC and gallbladder
cancer [44-46]. A MIF inhibitor, ISO-1, has shown some merit
in attenuating PDAC in vitro and in an in vivo murine model
[47]. EVs from highly metastatic PDAC cells also demonstrate
a range of other effects to the liver microenvironment includ-
ing: development of a fibrotic microenvironment; increasing
the frequency of CD11b+ and CD45+ hematopoietic progeni-
tor cells; STAT3 activation; myeloid infiltration; and increasing
a-SMA, HSCs and fibronectin [48,49].

The study by Zhao et al. is well designed with appropriate
positive and negative controls to demonstrate the key findings
[1]. Nevertheless, future studies could benefit from addressing
some experimental considerations for further improvement. The



use of a single technique for EV isolation could be improved by
using an additional validated technique, such as size exclusion
chromatography or density gradient separation [50]. Several
experiments performed by Zhao et al. used HSC conditioned
media rather than isolated EVs, which may influence the external
validity due to the influence of the wider secretome on the
outcomes [1]. The mouse model used may also influence the
applicability of the study, as immunodeficient mice were
selected, thus excluding the effect of the immune microenviron-
ment which has a known role in cancer progression, as discussed
above. The use of GW4869 for demonstrating EV dependent
pathways is widely accepted, with Rab27 knock down being an
alternative technique that can also be used. However, it should
be noted that both methods have nonspecific effects that may
confound experimental outcomes, especially in vivo, highlighting
the need for the future development of a more targeted techni-
que [51-53]. Finally, the stratification of SW480 and SW620 cell
lines as highly and weakly metastatic remains debatable. SW480
was derived from the primary tumor, and SW620 from a lymph
node metastasis, from the same patient [54]. Nonetheless, it is
widely accepted by the epithelial-mesenchymal transition
research community that SW480 is more mesenchymal (i.e.
a cell from the primary tumor with metastatic capability),
whereas SW620 is more epithelial (i.e. a cell which metastasized,
reached the lymph node and reverted to an epithelial pheno-
type) [55]. Similarly, HCT8 and LoVo cells were used in various
models to demonstrate signaling axes, as well as migration and
invasion. These cells are epithelial rather than mesenchymal in
character, so are not typically metastatic cells, which means
although mechanisms and pathways have been demonstrated,
the actual in vivo effect may differ.

5. Conclusion

Zhao et al. have demonstrated that CRC cells and HSCs com-
municate through a positive feedback loop involving miR-
181a and offer this EV-miRNA as a potential novel prognostic
biomarker [1]. Their results are interesting and warrant the
need to develop additional evidence. We believe this work
may form the foundation for a future study using prospec-
tively biobanked tissue from colorectal liver metastases to
perform single-cell analysis of miR-181 in cancer cells and
markers of activation (e.g. a-SMA) in stellate cells.

EVs are key for intercellular signaling, especially in the
context of cancer and metastasis. They are capable of transfer-
ring cargo including miRNA in a highly organized fashion,
such that it remains stable and is less effected by degradation.
Ultimately, these molecules may serve as important diagnostic
and prognostic biomarkers. As the functional understanding
of these biomarkers expands, their future clinical usefulness
grows, superseding what is currently available in clinical prac-
tice. Treatments utilizing the power of EVs are beginning to
emerge, with engineered EVs targeting oncogenic KRAS being
used in a Phase | clinical trial in PDAC (ClinicalTrials.gov iden-
tifier: NCT03608631), following success in animal studies [56].

The routine use of EV biomarkers offers hope for cancers
such as CRC and PDAC by enabling earlier diagnosis or offer-
ing more accurate monitoring for metastasis and disease
recurrence. There should be a continued effort to improve
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and develop our understanding of EVs and their role in cancer
pathogenesis. This pursuit is crucial for the development of
effective diagnostics and therapeutics, ultimately leading to
advancements in overall cancer survival rates.
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